SUMMARY Forty-five patients taking bismuth subnitrate orally for therapeutic reasons were admitted to hospital with a myoclonic encephalopathy of acute onset. The clinical features were similar, mostly with mental confusion, disorder of walking and standing, dysarthria, and myoclonic jerks. In 31 cases the EEG showed a characteristic pattern, not previously recognised, which assisted differential diagnosis.
A possible relationship between insoluble bismuth salts oral intake and neurological symptoms was mentioned for the first time by Morrow (1973) in a letter to the Editor of the Australian Medical Journal. The clinical aspects have been accurately described by Burns et al. (1974) in Australia and by Buge et al. (1974a,b) and Buge and Rancurel (1975) in France. A large number of patients admitted to hospital with toxic encephalopathy due to therapeutic ingestion of bismuth salts gave us the opportunity to study the clinical symptomatology in detail and to carry out serial EEG studies which provided useful data in the diagnosis of this encephalopathy.
Patients and methods
The present study deals with 45 patients, 39 from the Salpetriere Hospital and six from the Bicetre Hospital, in Paris. There were eight male patients aged from 44 to 70 years, and 37 females aged from 24 to 82 years. All these patients had been treated with an insoluble bismuth salt (subnitrate) 5 to 20 g daily over a period ranging from four weeks to 30 years. The therapeutic indication was the presence of a colon disorder with constipation often coexisting with dolicho-megacolon. Three patients were pregnant, respectively of eight months, five months, and six weeks duration (constipation, a therapeutic indication for bismuth subnitrate, is frequent in pregnancy).
Bismuth blood levels, sampled on the same day as the EEG, ranged from 150 to 1600 micrograms/ litre (normal being less than 20 ,tg/l); levels from 200 to 9600 ,ug/l were found in the urine and 10 to 100 ,ug/l in the CSF. The three pregnant patients delivered normal babies: in one case bismuth was estimated in the umbilical venous blood and was found to be 250 ,ug/l.
The In 31 patients a particular EEG pattern was seen with monomorphic waves at 3 to 5 Hz involving both temporo-rolandic and frontal areas, unaffected by eye-opening (when the patient was able to cooperate). This rhythm often spread to the occipital regions, while the alpha rhythm had disappeared ( Figs. 1 and 2 ). In most patients there was also a diffuse beta rhythm of low voltage. No spikes or other paroxysmal features appeared in the EEG even during myoclonic jerks, confirming the observations of Gastaut et al. (1975) . The EEG features were often very similar in spite of different blood levels of bismuth ranging from 150 to 1600 ,ug/l. However, blood levels may not . . 15 faithfully represent concentrations at tissue level in the brain. This is in accord with anatomopathological data (Escourolle et al., 1977) .
The EEG features described above do not always appear immediately. In three subjects the first record showed more irregular slow activity, while more typical features appeared over a few days. Moreover, 14 patients never had typical EEG features.
There were no responses to photic stimulation in the majority of our patients, who, however, complained about the flashes of light (one of our patients reported recently that he was not able to watch television, even after leaving the hospital). Phortic stimulation increased myoclonic jerks (when present), but no paroxysmal features were ever observed in the EEG. In one case, photic stimulation induced a convulsive seizure with recruiting bilateral spikes, at first bi-occipital, then diffuse. Clinically the seizures consisted of turning of the head to the right and raising of the left arm, followed by generalised clonic movements. An identical clinical seizure occurred spontaneously in another patient.
Further clinical and EEG studies of 28 patients with typical EEG patterns were made after the peak of the illness and during recovery, with the reappearance of normal features over a period of two weeks to three months. Nevertheless in eight patients with or without typical EEG findings initially, there was a subsequent appearance of diffuse slow waves: the morphology of these waves was very variable, sometimes coexisting with a transitory worsening of consciousness, but in other patients instead there was clinical improvement. This subsequent EEG worsening can be ascribed to different reasons. In four cases there was dilatation of cerebral ventricles and a reduced isotopic transit with contamination due to abnormal reabsorption. In another case dehydration occurred with hypokalaemia. Seizures had occurred in two other patients. Finally, one patient showed simultaneous deterioration of EEG (Fig. 3) and state of consciousness, while his arterial blood ammonia was found to be moderately high (44 ,umol/l; 75 ,zg/dl).
Discussion
Electroencephalographic features similar to those reported in the present paper have been mentioned in preliminary observations by some of us (Buge et al., 1974a,b; Buge and Rancurel, 1975) and by other authors (Lhermitte et al., 1975; Loiseau et al., 1975 Particularly useful data were provided by the EEG in the differential diagnosis with JakobCreutzfeldt's disease because the absence of the periodic EEG features described by Jones and Nevin (1954) , Pallis and Spillane (1957) , and Alema and Bignami (1959) made it possible to exclude this condition.
In a few cases Alzheimer's disease was considered on clinical grounds but the EEG features as described by Letemendia and Pampiglione (1958) and Gaches (1973) and the responses to photic stimulation were different from those seen in our patients. In three of our cases there was a lateralised or focal EEG abnormality and some unilateral motor impairment was found in one of them. These features, however, were transitory, and the suspicion of a tumour was soon eliminated and there were no sequelae.
Most of the patients with this encephalopathy recovered from three to 12 weeks after interruption of bismuth administration. In a few cases some disorder of behaviour or memory persisted for a longer period, although it was difficult to assess its relation to the encephalopathy because most of the patients were already known to be neurotic and none of them had been seen by us before their relatively acute illness due to bismuth.
Three patients died in the acute phase of the encephalopathy, and various cerebral structures were sampled in order to assess the bismuth concentration in the tissue. The highest levels were found in the frontal and occipital cortex, in the thalamus and in the cerebellum, reaching 25 mg/ kg. As control, the bismuth levels were studied in the brain of patients who died because of other illnesses (such as Jakob-Creutzfeldt disease) and values of 0.010 mg/kg brain weight were found (Escourolle et al., 1977 
